Contractions to serotonin (5-HT) and endothelin-1 (ET-1) in infant (0-2 yr) and adult (38-71 yr) vertebral arteries were examined in the presence of either the cyclooxygenase inhibitor indomethacin or NV-monomethyl-L-arginine (L-NMMA), an inhibitor of nitric oxide production. In addition, endotheliumdependent relaxations to acetylcholine were characterized in arteries contracted with agonist. The results showed that: (a) Contractions of infant arteries to 5-HT or ET-1 decreased to 44±8% and 27±13%, respectively, within 10 min. Indomethacin or removal of endothelium abolished this decreased response, whereas L-NMMA had no effect. (b) Adult arteries produced sustained contractions to 5-HT or ET-1 that were unaffected by indomethacin, endothelium denudation, or L-NMMA. (c) Endothelium-dependent relaxations to acetylcholine were greater in infant than adult arteries and were abolished by indomethacin (but not L-NMMA) in infants and L-NMMA (but not indomethacin) in adults. Thus, endothelium-dependent responses in infant arteries are attenuated because of increased prostaglandin activity not observed in adult tissues.
Introduction
Numerous investigators have documented the effects of normal development and aging on the vascular endothelium. Morphometric analysis suggests that aging is associated with thinning and loss of endothelium ( 1, 2) and functional evidence supports an age-related impairment in endothelium-depen-taglandins produced, and in most species, both eicosanoids are potent vasodilators. Prostaglandins have been known to play an important role in fetal development for many years. Clyman et al. (6) showed that prostaglandins (particularly PGE2 in humans [7] ) were important in preventing premature closure of the ductus arteriosus in fetal lambs, and that sensitivity to PGI2 or PGE2 was dependent on gestational age. Furthermore, contractions to indomethacin were significantly greater in vessels from immature fetuses than in near term lambs (8) .
Nitric oxide (NO) is produced when L-arginine is cleaved by nitric oxide synthases to L-citrulline. NO stimulates guanylate cyclase to convert GTP to cGMP and hence is a powerful vasodilator of vascular smooth muscle. As with certain prostaglandins, NO may play a role in regulation of vascular tone in vivo.
The goal of our study was to investigate any differences in vascular reactivity between infant and adult human vertebral arteries in response to agonists and to characterize our results as primarily resulting from a prostaglandin or from a NO-mediated mechanism. The hypothesis to be tested was that prostaglandins play a larger role in vascular responses to contractile agonists in infant vertebral arteries than in adult vertebral arteries, and that this difference was endothelium dependent in infants.
Methods
Human vertebral arteries were isolated within 18 h postmortem from infants (0-2 yr) and adults (38-71 yr) who died from causes unrelated to the cardiovascular system (Table I ). The vessels were immediately placed in a calcium-containing physiological salt solution ( 130 mM NaCl, 4.7 mM KCI, 1.18 mM KH2PO4, 1.17 mM MgSO4/7H20, 1.6 mM CaCl2/2H20, 14.9 mM NaHCO3, 5.5 mM glucose, and 0.03 mM EDTA). Under a dissecting microscope, the arteries were cleaned of periadventitial fat and connective tissues, and were cut into helical strips -2 x 10 mm. Where appropriate, endothelium was removed by gently rubbing the intimal surface with a cotton swab. Arterial preparations were then anchored and attached to isometric force displacement transducers (model 0.03; Grass Instrument Co., Quincy, MA), and tion-response curves were generated by addition of 5-HT (10"1 to l0-5 M) or ET-I (1010 to 3 X 10-7 M) to the tissue baths containing intact and endothelium-denuded infant and adult vertebral arteries.
Results were expressed as a percent of the maximal response to each agonist. To measure endothelium-dependent relaxation responses, intact adult and infant vertebral arteries were contracted with an ECso of 5-HT (3 X 10-8 M) followed by cumulative addition of acetylcholine ( 10-10 to 10-5 M). Results were expressed as a percent relaxation from the initial contraction to 5-HT. All experiments were repeated in the presence of indomethacin (3 x 10-6 M) or L-NMMA (3 X 10 -4 M) to inhibit cyclooxygenase or nitric oxide synthase, respectively. Data were reported as mean±SEM for all experiments. EC50 values were calculated by log-log transformation and curve fitting using unweighted least squares linear regression. Unpaired Student's t tests were used for comparisons of force at various agonist concentrations using a Bonferroni correction for multiple comparisons. P < 0.05 was considered statistically significant.
Results
Both infant and adult vertebral arteries demonstrated similar concentration-dependent contractions to 5-HT over the range tested with no significant difference in responsiveness to the agonist (EC50 -10-8 M, P < 0.05) (Fig. 1 ). Force generated in response to 10 ,M 5-HT was significantly greater in adult
(1,048±197 mg) than infant (628±47 mg) vertebral arteries (Fig. 1, inset) . Similarly, force generated in response to 0.3 zM ET-1 was significantly greater in adult (1,680±136 ations to acetylcholine in infant vertebral arteries (IC50 = 8.6±0.4 nM) compared to adult vessels (IC50 = 121±71 nM) as seen by the leftward shift in the concentration-response curve (P < 0.05). Contractions in infant vertebral arteries with intact endothelium demonstrated an inability to sustain contractile responses to 5-HT or ET-I (Fig. 4) , with a rapid initial contraction and a fall to a steady state (27±13 and 44+8%, respectively) within 10 min. Removal of endothelium or pretreatment with indomethacin potentiated the initial contraction and abolished the attenuated responses (Fig. 4) . Fig. 6 shows the relaxations to an IC50 of acetylcholine in adult and infant vertebral arteries in the presence of L-NMMA or indomethacin. The data show that L-NMMA (but not indomethacin) significantly reduced the responses to acetylcholine in adult vertebral arteries (-16±6 and -96±4%, respectively). In contrast, indomethacin (but not L-NMMA) significantly reduced the relaxations to acetylcholine in infant vertebral arteries (-42±5 and -97±2%, respectively).
Discussion
Our experimental results showed that responses of adult cerebral arteries to 5-HT or ET-1 were sustained and unaffected by pretreatment with indomethacin, L-NMMA, or removal ofendothelium. In contrast, contractions of infant cerebral arteries to 5-HT or ET-1 were attenuated within 10 min after addition of agonist. Pretreatment with indomethacin or removal of endothelium abolished this decreased response, whereas L-NMMA had no effect. In addition, endothelium-dependent relaxation to acetylcholine was greater in infant than adult cerebral arteries, and was abolished by pretreatment with indomethacin (but not L-NMMA) in infants and L-NMMA (but not indomethacin) in adults. These data show that endothelium-dependent contractions in infant cerebral arteries are attenuated because of an increased prostaglandin activity not observed in adult tissues. creased levels of prostaglandins in newborn humans, primates, cats, and rats, further supporting an important role for prostaglandins in infancy (9-13). Other investigators (4, 5, 10, 14) have shown an age-related decrease in endothelium-dependent relaxations. In particular, Mayhan et al. (15) demonstrated impaired endothelium-dependent relaxations to acetylcholine and bradykinin (but not nitroglycerin) in cerebral arterioles from aged (22-24 mo) compared to adult (6-8 mo) Wistar rats that were unaffected by intravenous indomethacin treatment. These findings are consistent with the hypothesis that sensitivity to prostaglandins is decreased with age and that NO is a primary mediator of endothelium-dependent relaxation in adulthood.
Results of the present study showed that human infant vertebral arteries with an intact endothelium did not sustain contractile responses to ET-1 and 5-HT. Rather, the contractions showed rapid attenuation that was abolished by pretreatment with the cyclooxygenase inhibitor indomethacin, but not by L-NMMA (an inhibitor of nitric oxide synthases). In contrast, vertebral vessels from adults responded in a potent and sustained fashion to both contractile agonists. These data suggest that endothelium-dependent contractions in human infant vertebral arteries are attenuated because ofan increased prostaglandin activity not observed in adult tissues. Furthermore have observed that there is an age-dependent change in the primary mechanism responsible for acetylcholine-induced vasorelaxation from infancy to adulthood. In infants, acetylcholine-induced vasorelaxation was significantly inhibited by pretreatment with indomethacin, but L-NMMA had no effect. In contrast, in adult vertebral arteries, the reverse was true, and L-NMMA pretreatment resulted in significant attenuation of acetylcholine-induced relaxation, but indomethacin had no effect. Thus, in infants, the primary mechanism for endothelium-dependent relaxation is prostaglandins and for adults, NO is the major contributor. It is also possible that both enzymes are present in the infant and adult arteries, but that the smooth muscle cells show a differential response.
One speculative implication of these data is that increased prostaglandin activity or sensitivity of infant cerebral arteries may provide an explanation for the lack ofcerebral artery vasospasm after intraventricular hemorrhage, a frequent complication of prematurity. In 1987, Rennie In fact, PGI2 has been shown to reverse contractions of human tissues to bloody cerebrospinal fluid after subarachnoid hemorrhage ( 12) . In adults with aneurysmal subarachnoid hemorrhage, however, cerebral artery vasospasm remains the leading cause of death and disability ( 17) .
